Introduction
Aluminum and its alloys are widely used, because of their high strength -weight ratio and high corrosion resistance. Aluminum and its alloys are sometimes joined to other metals in specific applications. Galvanic corrosion may occur in such situations and this is a very severe problem to the durability of some systems.
Aluminum and its alloys are usually used after surface treatment processing, such as anodizing and painting. There are two types of anodic oxide films, a porous type and a barrier type that can be formed on aluminum [1] [2] [3] [4] . The barrier type anodic oxide film has an amorphous structure 5) and the thickness depends on the anodizing potential or voltage. The porous type anodic oxide film has an outer porous layer and an inner barrier layer 6) . The porous layer thickness increases linearly with anodizing time and the barrier layer thickness is dependent on anodizing solution and current density. Barrier type anodic oxide films are commonly used in electrolytic capacitors, and porous type anodic oxide films as insulators to create 2D or 3D structures [7] [8] [9] [10] [11] [12] [13] [14] or molds [15] [16] [17] . However, the extent of the effect of the anodizing surface treatment on the galvanic corrosion of aluminum and its alloys joined to other dissimilar alloys has not been established.
Recently, an electrochemical noise analysis technique has been applied in a number of corroding environments [18] [19] [20] [21] [22] [23] . Bertocci et al. 18, 19) has reported a electrochemical noise technique employing a corrosion couple and FFT (First Fourier Transformation). Traditional electrochemical impedance techniques are not suitable to measure the impedance during galvanic corrosion, but, this new noise technique can obtain the impedance even with localized corrosion, because the impedance is calculated using a power spectrum density ( PSD ) of the current and potential. The purpose of this study is to apply the new electrochemical noise technique to galvanic corrosion of anodized aluminum and to examine the effect of anodic oxide film structure and thickness on the electrochemical impedance during galvanic corrosion.
Experimental
Specimen and then the samples were anodized until the increasing potential reached a set value, after which the potential was kept constant for 1800 s. After anodizing, the edges and parts of the specimens were sealed with silicone resin and an area of 1 cm 2 was left exposed. The galvanic current and specimen potential during the test were measured for a data acquisition time of 5 s. The records of the current and potential were processed by calculating the power spectrum density (PSD) with the FFT method using 1024 points. The electrochemical noise impedance was calculated from the current PSD and potential PSD values.
Characterization : After the galvanic corrosion tests, specimen surfaces were examined by a confocal scanning laser microscope (CSLM; 1SA21, LASERTEC Co. ). The incubation periods were widely scattered because of localized corrosion is a stochastic process. However, for similar thickness of barrier layer the incubation periods of the porous type anodic oxide film specimens were always longer than that of the barrier type anodic oxide film specimens. This results suggests that the porous layer affects the incubation period of galvanic corrosion differently from the barrier layers. Figure 5 shows a magnification of the potential and the current in Fig. 4 at just after the localized corrosion has started. Each small current fluctuation correlates well with the potential fluctuations, the correlation coefficient is about 0.9. The amplitude of the potential and current fluctuations of the porous type anodic oxide film specimens ( Fig. 2 ) are smaller than that of the barrier type anodic oxide film specimens (Fig. 4) . This suggests that the porous layer has good corrosion resistance after the incubation period. After the experiment, the specimen surfaces were observed by CSLM. When the experiment was terminated just after localized corrosion started a corrosion pit was observed. After the experiments showing Figs 2 and 4 there were many pits with corrosion products on the all specimens. These results strongly suggest that the current and potential changes are related to the initiation of localized corrosion. The electrochemical noise fluctuations would also be related to localized corrosion. 
Results and Discussion
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CONCLUSIONS
A new type of electrochemical noise analysis was applied to galvanic corrosion of two different types of anodic oxide film on aluminum specimens. The following conclusions may be drawn:
1) During an incubation period, the initial current and potential values change slightly only with time. When localized corrosion has started, however, the values changed suddenly with continuous with fluctuations. The potential and the current fluctuations show a good correlation.
2) The slope of the current and potential PSD spectra of both types of anodized specimen is about minus one (-1) just after localized corrosion has started. After long immersion, the slope of the PSD of the porous type oxide film specimen becomes flatter.
3) The employed noise technique makes it possible to measure the electrochemical impedance Impedance, Z / k½ 20 10 0 Time elapsed after the start of localized corrosion, t / ks
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